OCCURRENCE OF A MYCOTOXIN, OCHRATOXIN A, IN WHEAT AND ISOLATION OF OCHRATOXIN A AND CITRININ PRODUCING STRAINS OF PENICILLIUM VIRIDICATUM
Ochratoxin A is a metabolite of Aspergillus ochraceus Wilh. (5) and of Penicillium viridicatum Westling (8) . It is highly toxic to rats and ducklings and produces liver and kidney damage (6) . Both A. ochraceus and P. viridicatum have been isolated from stored grain, and ochratoxin A itself was recently found in corn (7) . The presence of this toxin in rolled wheat used as livestock feed is reported here. In addition, two strains of P. viridicatum that produce ochratoxin A were isolated from the wheat. One of these strains also produces citrinin, a nephrotoxin formed by several species of Aspergillus and Penicillium (3) . Four samples of moldy red spring wheat, taken from the same heated pile at different times and depths, were forwarded from Canada Department of Agriculture, Calgary. The wheat had become wet while in the granary, and some had been included in the rations of cattle that subsequently died.
Each sample was powdered (20 mesh) and 50 g were extracted with 250 ml methanol-water (55:45 v/v) plus 100 min-hexane in a Waring blendor. After centrifugation of the mixture, 50 ml of the aqueous methanol layer were removed by pipette and shaken with two 50-ml portions of chloroform. The combined chloroform extracts were evaporated to dryness on a hot water bath under nitrogen, and the residue was dissolved in 0.5 ml chloroform and refrigerated.
Ochratoxin A was detected in the four sample extracts after thin-layer chromatography (TLC) on 0.3 mm layers of Adsorbosil 5 silica gel, using tolueneethyl acetate-90% formic acid (6: 3: 1 vIvIv) for development. Each extract formed a green fluorescent spot under ultraviolet light with the same R r (0.55) as authentic ochratoxin A. The fluorescence turned blue on treatment with ammonia. Amounts of ochratoxin A, estimated by visual comparison of fluorescence intensities of spots from extract and standard, were 20, 100, 85, and 85 ,ug per kg for the four samples.
The ochratoxin A in sample 2 (lOa ,ug per kg) was confirmed using two additional solvent systems, benzene-metilanol-acetic acid (24: 2: 1, vIvIv) and benzene-acetic acid (9:1 v/v). Microgram quantities of the toxin were obtained by preparative TLC. It was soluble in sodium bicarbonate solution. The fluorescent methyl ester formed with BCl, or BF3 in methanol corresponded, on TLC, to that formed from authentic ochratoxin A.
The method for isolation of fungi from the wheat kernels was based on that of Wallace and Sinha (l 0). Incubation of wheat sample 2 at 25 C and 30 C yielded two unidentified Penicillium spp. and a number of other fungi tentatively identified as Aspergillus glaucus and A. candidus. None of these isolates was found to produce any of the fluorescent mycotoxins, ochratoxin A, citrinin, aflatoxins, aspertoxin, or sterigmatocystin. Incubaticn at low temperature (l2 C), however, led to successful isolation of toxin-producing cultures. After incubation for 2 weeks, abundantly sporulating Penicillium spp. had emerged from the wheat; spores of single conidiophores from representative sporulating areas were grown on 5 ml YES medium (15% sucrose, 2% yeast extract, dist. water) in 1 oz (28 g) vials for 1 week at 25 C (9). Chloroform extracts tested by TLC showed that 5 out of 13 cultures contained the mycotoxins ochratoxin A and citrinin. A similar investigation of the other wheat samples resulted in repeated isolation from samples 3 and 4 of morphologically similar cultures that produced both ochratoxin A and citrinin. A single spore isolate (no. 69-22) of one of these toxinogenic cultures was identified as PenicilliulIl viridicatulIl Westling.
Investigation of wheat sample 1 resulted in the isolation at 12 C of a PenicilliulIl sp., a single spore isolate (no. 69-23) of which was also identified as P. viridicatulIl Westling. This strain produced ochratoxin A but no citrinin.
Each strain was grown on 200 ml YES medium in each of four 2.8-liter Fernbach flasks for 9 and 11 days at room temperature. The mycelium and medium, both of which contained the relevant mycotoxins, were then extracted with hot chloroform to obtain sufficient material for purification and confirmation of the toxins.
Strains no. 69-22 and 69-23 were estimated by TLC to form a total of 42 mg and 150 mg, respectively, of ochratoxin A per liter YES medium after 9 days. Crystalline ochratoxin A was obtained from each culture following preparative TLC of the concentrated chloroform extracts. A useful initial purification procedure was partial development of the chromatogram with benzene-methanol-acetic acid (24:2: 1 v/v/v) on a 0.8-mm layer of Adsorbosil 5, air drying, then full development with toluene-ethyl acetate-90 % formic acid (6: 3:1 vIvIv) . To separate ochratoxin A from citrinin (strain no. 69-22), a preparative TLC layer of acidic alumina (Woelm) developed with chloroform-acetone (4: 1 vIv) was used. Ochratoxin A, crystallized from benzene, had melting point 89-93 C (strain no. 69-22) and 89-94 C (strain no. 69-23). Identity of each sample with authentic ochratoxin A was established by mixed melting point and comparison of melting points, infrared and quantitative ultraviolet spectra, and TLC behavior. The nontoxic ochratoxin B (5) was also detected by TLC in extracts of strain no. 69-23.
The medium from strain no. 69-22 grown for 11 days was acidified with 2 N hydrochloric acid to pH 1.5 and the precipitated yellow solid was dried in a desiccator. Chloroform-soluble material was purified by preparative TLC [Adsorbosil 5, benzene-methanol-acetic acid (24: 2: 1 vIvIv)] and recrystallization from ethanol to give citrinin (47 mg from 600 ml medium) as yellow needles, m.p. 179-181 C. The crystals had the same m.p., mixed m.p., quantitative ultraviolet spectrum, and infrared spectrum as a sample of authentic citrinin.
No citrinin was detected by TLC in wheat samples 2, 3, and 4, even after acidification of the extraction mixture to pH 1.5-2 with sulfuric acid. This modification of the method was found necessary to recover citrinin added to powdered normal wheat (l ppm).
As far as we are aware, this is the first reported natural occurrence of ochratoxin A in wheat. Whether the wheat contributed to the cattle deaths cannot be determined, as additional factors, including other rations, may have been involved.
We have previously suggested (8) that ochratoxin A may be responsible for at least part of the disease syndromes caused experimentally by P. viridicatulIl in animals (1, 4). It is now apparent that citrinin must also be considered as a contributor to the nephrotoxicity of P. viridicatuf1l. Further evidence for this
